Purpose The Core Outcome Measures Index (COMI) is a short, multidimensional outcome scale validated for the use by patients with spinal disorders. It is a recommended instrument in the Spine Society of Europe Spine Tango Registry. The purpose of this study was to produce a crossculturally adapted and validated Polish COMI. Methods The cross-cultural adaptation was carried out using the established guidelines. One-hundred and sixtynine patients with chronic low back pain were enrolled, 89 took part in the reproducibility part of the study.
Introduction
In the field of spine research, objective evaluation of symptoms of patients with low back pain (LBP) is a challenging task. An objective assessment is of critical importance for the monitoring of outcomes of various treatment methods. Over the last two decades, patientrelated outcome measurements have become the mainstay of treatment outcome monitoring for use in patients with musculoskeletal disorders, such as LBP [1] . Numerous disability scales have been proposed to date, such as Oswestry Disability Index [2] , Roland-Morris Disability Questionnaire [3] , Quebec Back Pain Disability Scale [4] and others. They all evaluate the influence of LBP on several domains of living. None of them is perfect since they are all a compromise between survey length and precision-a greater number of more complex questions may increase the number of unanswered questions but on the other hand when it is very short and simple, the accuracy may be hampered.
In 1998 Deyo et al. [5] recommended a novel set of seven core questions as a reliable instrument for the assessment of outcomes in LBP. It was further developed into the Core Outcome Measures Index (COMI). COMI is a relatively short self-administered multidimensional questionnaire intended to assess the influence of LBP on several domains of everyday life. The psychometric properties of COMI have been assessed by several independent research groups [6] [7] [8] [9] [10] , proving it to be a valid and highly responsive instrument. It has been adapted and validated for the use in German [8, 11] , Spanish [7] , French [12] , Italian [1] , Brazilian-Portuguese [13] and Norwegian [14] versions. Analogous version of COMI for patients with neck pain and related disorders was developed, adapted and validated for use in German [15] and English [9] versions. Good reliability and responsiveness of COMI combined with its brevity and multilingual availability make it an attractive instrument for use in large multicenter international studies. It has been selected as the questionnaire of choice in the Spine Society of Europe's ''Spine Tango'' Registry of surgical and conservative treatment of spinal disorders.
The aims of this study were to deliver a culturally adapted validated version of COMI for the use in Polishspeaking patients and to enable Polish medical professionals dealing with spinal disorders to participate in the ''Spine Tango'' Registry.
Methods

The COMI
The COMI is a self-administered questionnaire comprised of seven items intended to evaluate the intensity of the leg and back pain, difficulties in everyday life, symptom-specific well-being, the social and work disability and general quality of life. It has been described in details by Mannion et al. [11] . In short, the overall COMI score is computed by adding the highest score of the adjusted leg/back pain subset to the sum of remaining subscales and divided by 5, so it ranges from 0 (best health status) to 10 (worst health status).
Translation and cross-cultural adaptation
The translation and cross-cultural adaptation of the original English version of the COMI into Polish was carried out in accordance with recommendations of the American Academy of Orthopedic Surgeons (AAOS) as described in detail by Beaton et al. [16] . The study was approved by the Ethics Committee.
Translation and synthesis
Two bilingual translators whose first language was Polish independently translated the original English version of COMI obtained from the official website of Spine Tango Registry [17] . The first translator (T1) and one of the authors of this article is a neurosurgeon and was familiar with the topic. The second translator was a professional English teacher who was blinded to the concept studied (T2, ''naïve translator''). The resulting translation was an agreed upon analysis synthesis of both versions.
Back-translation
The synthesized version was then back-translated by two independent native English speakers, both professional translators blinded to the purpose of translation. The results of their work were then compared with the English version by an independent English teacher.
Expert committee
The final version was submitted to an expert committee consisting of one neurosurgeon, one psychologist, one physical therapist and one of the translators (T2). This multidisciplinary committee evaluated four aspects of equivalence: idiomatic, semantic, experiential and conceptual. All elements of the questionnaire (instructions, section headings and answers) were analyzed and discrepancies between members were discussed until a consensus was reached. A written report concluding the work and the pre-final version was produced.
Test of the pre-final version
The pre-final version was applied to a group of ten surgical patients with chronic LBP. Upon completion, they were asked for opinions regarding the content and structure of the questionnaire. Gathered information was then discussed at another meeting of the same reviewers' committee and a written report was generated. The tested version was approved by the committee for further use without amendments.
Questionnaire booklet
The final version of this COMI questionnaire was included in a booklet which also contained series of other back-specific and general health questions to assess COMI's construct validity. These measures were: previously validated Polish Roland-Morris Disability Questionnaire (RMDQ) [18] , Oswestry Disability Index (ODI-previously validated by the same team of authors) and two Likert scale questions regarding the frequency of use of pain medications (''never'' to ''always'') and pain frequency (''never'' to ''always''). The booklet contained information explaining their voluntary participation in the study.
Patients
One-hundred and sixty-nine patients from nine departments were enrolled. Inclusion criteria were chronic LBP with or without radiation to the leg, age of 18 years or more and good comprehension of the Polish language. Thirty subjects were the patients of a large academic outpatient pain-management clinic and the remaining 139 were surgical candidates. While 169 patients returned their questionnaires, 1 case was lacking mandatory information and was discarded from further analysis [n = 168: 71 men, mean (SD) age 49.92 (12.02); 97 women, mean (SD) age 50.34 (11.66)]. Of the remaining 168 subjects, 89 (53 %) returned the retest questionnaire completed within 2-14 days after the baseline test. There were no therapeutic interventions between administrations. The study was approved by the Ethics Committee.
Statistical analysis
Scores for COMI were calculated as above. Scores for RMDQ and ODI were calculated according to the authors' instructions [2, 18] , the higher the score, the more severe the disability associated with the LBP. The scoring for the Likert-type questions was described above.
Missing data were analyzed for each domain of COMI, for analyses, no missing was allowed, since there is only one question per each domain. Floor and ceiling effects were assessed by calculating the percentage of respondents scoring the minimum and maximum possible scores equivalent to the worst and the best status, respectively. In such situation, no significant deterioration or improvement of their disability can be detected [1, 13] . Floor and ceiling effects [70 % are considered to be adverse for the study [1, 13, 19] and \15-20 % ideal [1, 20, 21] . Floor and ceiling effects for all core items of COMI were evaluated.
Construct validity refers to the degree to which a tested questionnaire's score relates to other established instruments to assess whether theoretically formulated hypothesis matches the operational definitions. Convergent validity is one of the forms of construct validity where different measures of similar concepts correlate to an acceptable extent [20] . In this study, it was assessed by testing the relationship between each item and the overall COMI score and previously established instruments: RMDQ and ODI. We have also evaluated the relationship between the COMI overall/item score and two Likert-type questions regarding the use of pain medications (''never'' to ''always'') and pain frequency (''never'' to ''always''). Spearman Rho (q) corrected for ties was used in all correlation analyses. For the purpose of this study, the following thresholds for validity coefficients were accepted: r [ 0.8 as excellent, 0.61-0.8 very good, 0.41-0.6 good, 0.21-0.4 fair, 0-0.2 poor [22] .
Test-retest reliability is a measure of stability over time, when the instrument is applied twice over some time, in our case, 2-14 days, with no therapeutic intervention between applications. In this study, intraclass correlation coefficient (ICC) and its 95 % confidence intervals were used for evaluation of this form of reliability. The possible values for ICC are within the range 0.00-1.00; values of 0.60-0.80 are considered to indicate good reliability and above 0.80 excellence [23] . Standard error of measurements (SEM agreement ) was used to establish the absolute measurement error [13, 24] and to calculate the minimum detectable change (MDC 95% ) for the evaluated questionnaire. The MDC 95% indicates the minimum change of score considered by patient a ''real change'', greater than the instruments' measurement error [25] . At the 95 % confidence level, this can be calculated with a formula 1:96 Â ffiffi ffi 2 p Â SEM, equivalent to 2:77 Â SEM [26] . which in return was back translated into English ''how many days did you have to limit your daily activities''. Upon discussion, it was decided that although the translation is somewhat different, the Polish meaning was sufficiently preserved. Another problem was related to the expression ''how many days did your back problem keep you from going to work'' used in original version. The direct translation into Polish would imply that it refers merely to the formal sick leave from work, thus, unemployed patients would either fail to respond or select the last option (''more than 21 days''). Therefore, the committee decided to use Polish ''przez ile dni dolegliwości ze strony kręgosłupa lędźwiowego zmusiły Pana/Panią do pozostania w domu(uniemo_ zliwiły pójście do pracy, szkoły, wykonywanie zajęć domowych)'' which was back translated ''how many days were you forced to stay at home (were unable to go to work, school, perform house chores) due to low back pain?''. This version also addresses the issue of individuals working at home. The Polish version of COMI is attached as an ESM Appendix.
Results
Cross
Score distribution, missing data
Neither the individual COMI item scores nor the overall COMI scores were normally distributed, according to the Kolmogorov-Smirnov test. Only 0.7 % of all COMI items were missing (Table 1) , and none of the subjects left more than one question unanswered. Data from the patients who failed to answer the ''social disability'' and ''work disability'' questions were discarded from further analysis. Thus, the number of patients available for analysis was 165. On the ODI questionnaire, 4 patients missed more than 2 items and 38 patients failed to answer the ''sex life'' question.
Floor and ceiling effects
The floor effects (worst status) and ceiling effects (best status) for each domain and the overall COMI score are listed in Table 1 . For the majority of items, very low ceiling effect was found (0-9.52) and for one item, work disability, it was significantly higher (20.24). The floor effect was more prominent, with the highest value for symptom-specific well-being item (67.26), none of the values exceeded the adversely affecting level of 70 %.
Construct validity
The correlation coefficients for the relationship between the COMI item/summary scores and selected full length questionnaires are listed in Table 2 . A very good correlation was found between the overall COMI score and the ODI, analogous correlation with the RMDQ was good. The hypotheses that back pain specific items would correlate with Likert-type questions concerning the pain frequency and the frequency of use of pain medications could not be confirmed, except for a back pain intensity item which correlated well with the former question (q = 0.43).
Reproducibility
The mean interval between test administrations was 7 days (SD 3.67, range 2-14). There were relatively minor differences between the test and retest scores. For most domains, the score differences were B1: 98 % for ''back function'', 97 % for ''symptom-specific wellbeing'', 96 % for ''quality of life'', 94 % for ''social disability'' and 95 % for ''work disability''. For ''pain symptoms'' it was slightly lower: 87 % and for the overall COMI score 83 %. Table 3 shows in details the results of the test-retest analysis. The ICCs for all domains were favorable (0.71-0.90), the lowest value was for ''symptom-specific well-being'', the highest for ''back pain''. The ICC for the overall COMI score was 0.90. The SEM for the overall COMI score was 0.65 and the MDC 95% was 1.79 points or 17.92 % of the maximum score range.
Discussion
Patient-related outcome measurements are of critical importance in the field of spine-related research. They are used not only for the assessment of disease-specific symptoms but also for the evaluation of their impact on virtually all tasks of daily living. Over the last two decades, increase in numbers of domains has been identified with subsequent introduction of new questionnaires [27] . To be more reliable and sensitive to change, these new measures tend to be more detailed and, thus, lengthy increasing the response burden [8] . The COMI was first proposed by Deyo et al. [5] to provide a more practical solution yet of sufficient psychometric quality.
The aim of this study was to produce a reliable Polish version of the COMI that would be valid for use by Polish-speaking patients with LBP and related health issues. It was designed and executed with adherence to established guidelines [16] . Only minor issues were encountered during the translation/back-translation stage. The last two items (''social disability'' and ''work disability'') were relatively more difficult to translate adequately.
Floor and ceiling effects, missing values
The response rate for COMI items was very good. Worth noting is a relatively high number of missing ''sex life'' questions of the ODI-38 out of 165 (23 %). This is higher than values reported in the previous studies [26, 28] ; however, this number drops to 17 % for a subgroup of subjects aged 18-60.
In present study, little ceiling effect was noted (Table 1) . Just one COMI item ''work disability'' exceeded the ideal range of \15-20 % [1, 20, 21] . Similar findings have been reported in the French [12] , Norwegian [14] versions, Brazilian-Portuguese [13] and Italian [1] had even higher rates of ceiling effect also for the ''social disability'' item. This lower proportion of more ''healthy'' patients in our study can be explained by the high ratio of surgical candidates included. The floor effect was more prominent and affected three items: ''symptom-specific well-being'', ''social disability'' and ''work disability''; however, none of the values exceeded 70 %-the value considered adversely affecting the results [1, 13, 19] . High ratio of floor effect for the ''symptom-specific well-being'' was also noted for French [12] , Brazilian [13] and Norwegian [14] versions. Relatively high values for the ''social disability'' and ''work disability'' were also reported in the French [12] version. In overall, the results of this study do not seem to be significantly affected by the floor and ceiling effects.
Construct validity
To assess the convergent validity which is one of the sub-categories of the construct validity, the relationship of each individual core item, the overall COMI score and already established full length questionnaires were analyzed (Table 2) . To confirm the hypothesis that the instruments measure a similar construct, the Spearman Rho should fall within the range 0.4-0.8 [29] . In this study, the overall COMI score correlated well with the ODI, q = 0.62, similar value was found for the Brazilian-Portuguese version [13] . A good correlation was also found between individual scores for each domain and the ODI score except for the ''back pain'' item. The correlation with the RMDQ was good for the overall COMI score and the ''back function'' item; however, it was insufficient for other core items. The correlations for the RMDQ tested in this study are significantly lower than those were reported previously [1, 8, [12] [13] [14] . This can be partially explained by the flawed design of the Polish RMDQ. The only available validated version consists of 24 check boxes with the unchecked box considered a negative answer, thus, the missing data will negatively affect the score to the extent which is impossible to evaluate. The relationship between individual COMI item score and Likert-type question regarding pain frequency and the frequency of use of pain medications was poor to moderate with the exception for the ''back pain'' COMI item and the ''pain frequency'' Likert-type question.
Reproducibility
The Polish COMI overall score showed a very good reproducibility ( Table 3 ). The ICC was 0.9 (CI 95 % 0.85-0.93), this value is comparable with those previously published for other-language versions [1, 8, [12] [13] [14] . The ICC for each item was a little lower, with the lowest (0.71) for ''symptom-specific well being'' and highest (0.90) for the ''back pain'' question. The ''minimum detectable change'' (MDC 95% ) was 1.79. This means that for a change of 1.79 or more, there is a 95 % likelihood that it is a result of the ''real change'' in patients' condition instead of the measurement error. Similar values were reported for other language versions (French 1.98 [12] , German 1.74 [8] , Italian 1.51 [1] , Norwegian 2.21 [14] , Brazilian-Portuguese 1.66 [13] ). Based on the previous studies, the estimated minimal clinically important difference for the overall COMI score is between 2 and 3 points [8, 10, 15] . If such range was assumed for a Polish version, these values are significantly greater than 1.79, thus, making it a suitable clinical tool.
Conclusion
The Polish version of COMI is a valid and reliable instrument, cross-culturally adapted for the use by Polish-speaking patients. Its good psychometric properties have been established based on a study conducted in accordance with established guidelines. It can be integrated into the Polish module of the Spine Tango Registry or used in other international studies, since the number of validated and cross-culturally adapted versions growing rapidly. The Polish COMI is short, reliable and easy to apply in clinical settings and as such is recommended for routine application in patients with LBP.
